Background: Attention deficit hyperactivity disorder (ADHD) was long considered to be limited to children and adolescents, but it is now known that ADHD symptoms may persist into adulthood. It is plausible that the etiology of ADHD is not one-dimensional, but instead involves various neuroanatomical and neurochemical systems, with the causes of the main abnormalities believed to be catecholaminergic. Iodine-123-labeled meta-iodobenzylguanidine ( 
INTRODUCTION
Attention deficit hyperactivity disorder (ADHD) is a complex neurobehavioral condition estimated to affect 8% to 10% of school aged children and is characterized by a symptom cluster of inattention, hyperactivity, and impulsivity (DSM-IV criteria). ADHD was long considered to be limited to children and adolescents, but it is now known that ADHD symptoms may persist into adulthood [1] . The adult ADHD is entirely a clinical one, which contributes to controversy. There is no established objective tool to diagnose. It is plausible that the etiology of ADHD is not one-dimensional, but instead involves various neuroanatomical and neurochemical systems, with the causes of the main abnormalities believed to be catecholaminergic [2] .
Iodine-123-labeled meta-iodobenzylguanidine ( 123 I-MIBG) is a physiological analogue of norepinephrine (NE). MIBG has been proven to be very useful for scintigraphic image studies of cardiac sympathetic innervations [3] .
The single photon emission computed tomography (SPECT) is a useful tool for estimating local myocardial sympathetic nerve damage, not only in primary heart disease, but also in neurological disorders, with or without clinically manifested autonomic failure [3] .
To the best of our knowledge, MIBG scintigraphy has not previously been used to investigate ADHD. The cases presented are male adult patients proceeded with different psychiatric disorders.
for evaluating cardiac ANS innervation.
123
I-MIBG planar and SPECT of the studies were performed at 20 min (early phase) and 3h (late phase) after intravenous injection of 111 MBq 123 I-MIBG. Following scatter correction, a region of interest (ROI) was set over the heart and rectangular ROI on the upper third of the mediastinum. Planar images were processed to determine the heart (H) to mediastinum (M) ratio (H/M). The H/M of average counts per pixel was calculated for the early and delayed images.
123 I-MIBG SPECT study was performed using a 256 × 256 matrix, 4˚ -6˚ per step and 360˚ rotation. Low-energy high-resolution (LEHR) collimators were used as previously reported [4] . The energy was centered on 159 keV with a 20% window. The radiation dose of one SPECT equals to that of one gastric fluoscopy.
The Japanese (Age: 55 ± 20) average of H/M in the early image were 2.2 ± 0.2, and 2.3 ± 0.2 for the delayed image low energy type collimeters were used [5] .
CASE REPORTS
Case 1 was a 52-year-old male residential construction foreman, who had been diagnosed with acute schizophrenia-like psychotic disorder (ICD10 F23.2). He had been worked for over 20 years. He suffered from paranoia due to suddenly change residential design. There was no symptom of visual hallucinations, or Parkinsonism. Mini Mental State Exam (MMSE) scores were normal. He was diagnosed with adult ADHD (ICD 10 F 90.0). MIBG scintigraphy was performed 3 weeks after administration of bronanserin 8 mg/day was stopped. MIBG scintigraphy is shown (Figure 1 ). The early and late H/M ratios were 1.22 and 1.07, respectively. Sudderth and Kandel score [6] was 10 (cut-off > 8) and Hallowell and Ratey score [7] was 19 (cut-off > 15).
Case 2 was a 52-year-old male civil servant who was diagnosed with adjustment disorder (ICD 10 F 43.2). He was required to play a different role due to the community integration. He was afraid of detailed change of his work and felt depressed. There was no symptom of visual hallucinations, or Parkinsonism. Mini Mental State Exam (MMSE) scores were normal. He has been also diagnosed with adult ADHD (ICD 10 F 90.0) MIBG scintigraphy is shown (Figure 2 ). The early and late H/M were 1.98 and 2.08, respectively. Sudderth and Kandel [6] score was 10 (cut-off > 8) and Hallowell and Ratey [7] score was 17 (cut-off > 15).
DISCUSSION
The MIBG uptake may vary depending on gender or age [8] . MIBG scintigraphy supports the view that imaging of sympathetic innervations may provide a sensitive, specific means to diagnose dementia with Lewy body disease (DLB) differentially from other forms of demen- tia, by detecting catecholaminergic denervation. These two cases had past histories of their clinical evidence of diabetes mellitus or cardiovascular disease. Electrocardiography and chest radiography were performed before 123 I-MIBG imaging to exclude myocardial disorders. Brain natriuretic peptide in the serum were normal and without autonomic nerve symptoms. And head MRI and electroencephalography were normal. These cases need to be paid attention to differential diagnose of incidental Lewy body disease (ILBD). This is an important issue needed for the follow-up to watch out of the latent stage of LBD.
Various tests are used for the identification of ADHD, but no standardized, diagnostic laboratory test has been established. Currently, diagnosis of ADHD involves behavioral descriptors that inevitably overlap with a range of other disorders [9] . Further, these interview and rating scales are often confounded by rater bias [10] . It is also known that adult ADHD is significantly commorbid with wide range of other 12-month disorders [11] . A high level of comorbidity between ADHD and psychiatric disorders has been reported [12] . Symptoms of these psychiatric disorders masked those of ADHD. Consequently adult ADHD is difficult to diagnose. In fact, these both patients were diagnosed with secondary ADHD although the ADHD had been predated adjustment disorder or brief psychotic disorder.
MIBG is an alkylguanidine that bears structural simi-larity to the neurotransmitter and catecholamine hormone-norepinephrine (NE). Studies have demonstrated that MIBG is actively taken up in cells by the norepinephrine transporter (NET). NET terminates noradrenergic signaling by rapid re-uptake of neuronally released NE into presynaptic terminals. The NET exerts a finely regulated control over NE-mediated behavioral and physiological effects including mood, depression, feeding behavior, cognition, and regulation of blood pressure and heart rate [13] .
It is known the states and process contribute to the increased cardiovascular morbidity on patients with psychiatric disorders．Psychological states and processes are known to profound affect the autonomic nervous system (ANS) control of the cardiovascular system [14] . It could be said that MIBG uptake might be an index of centralperipheral neural feedback and ANS-CNS integration.
Neurobiological and pharmacological research has suggested that regulation of central NE and NET is involved in several neuropsychiatric disorders in ADHD [15] .
Up to 60% of children diagnosed with ADHD in early childhood continue to demonstrate notable ADHD symptoms as adults [16] . ADHD is one of the sustained psychiatric disorders for long periods of time. It is reported that stimulant-free children with ADHD demonstrated baseline parasympathetic dominance of the autonomic balance, relative to control subjects. Methylphenidate attempts to restore the normal autonomic balance in children with ADHD [17] . The presence of autonomic might be an important feature in making a clinical diagnosis of ADHD.
The presented cases might suggest that ADHD encompassed by CNS diseases might be influence ANS innervations.
CONCLUSION
The relation between psychiatric symptoms and sympathetic innervations is poorly understood. To the best of our knowledge, MIBG scintigraphy has not previously been used to investigate ADHD. These cases presented are male adult ADHD patients with preceded different psychiatric disorders. We here showed the possibility of a reduction in cardiac MIBG uptake in ADHD during remissions of psychiatric disorders. In patients with ADHD, the response to MIBG scintigraphy may vary among patients not only because of the duration of symptoms, but also because of the developmental state of the patient. Further research with additional subjects is clearly necessary.
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